Abstract
Where backfill of pits is not an economic or feasible option and the pit extends into the water 4 table, then pit lakes ranging from very deep (e.g., hard rock mining pits >250 m deep) to shallow 5 (e.g., dredge ponds <10 m) may form (Castro and Moore 2000).
6
There is also a growing demand on many natural water resources from nearby communities. 7 Many regions have seen reduced regional recharge through increased demand or climate change 8 and decrease in quality through pollution leading to damage or complete loss of aquatic habitats 9 as a result (Pyke 2004 ). This demand has been simultaneous to increasing development of 10 mining activities and may even sometimes be a direct result of this activity. These pressures 11 continue to contribute to an international loss of aquatic habitat types ranging from seasonal 12 wetlands to entire lake systems.
13
Rehabilitation of post-mining terrestrial landforms to provide restored ecosystems has now 14 become a well-researched (and generally successful) practice that borrows from both disciplines 15 of ecology and engineering. Indeed, post-mining rehabilitated ecosystems are a significant 16 landscape feature in many regions with mining history. However, this landscape restoration 17 typically ceases at the edge of open-cut/cast pits, unless backfill and/or landscaping can directly 18 incorporate the pit back into the surrounding terrestrial ecosystem. Instead, pit lakes are 19 generally left unconsidered with no clear regulation or restoration aims and techniques; as 20 'elephants in the mine closure room'. Geochemical weathering processes such as acid and 21 metalliferous drainage (AMD) may then lead to poor water quality resulting in lake waters toxic severe environmental impacts to a mining region and may continue to present even after the 29 mine is closed and the greater catchment is rehabilitated (Younger 2002 years following lake filling (Castendyk in press).
In contrast to these risks which pit lakes may represent to adjacent and regional environments, This paper explores options for restoration that are rarely applied to pit lakes even within their 23 restored mining landscapes. We identify both opportunity, and constraint, within a contemporary 24 mine closure and restoration context and recommend regional planning strategies to best realise a 25 restored pit lake ecosystem of significant environmental value and successfully integrated into its and typically seek to restore the disturbed landscape towards a regional "analogue system". This 3 analogue system may represent either the pre-mining ecosystem type that was lost or 4 alternatively a local reference ecosystem. For example, in the case of a forest lost due to mining, 5 a reasonable analogue ecosystem in the first instance would be the pre-mined exact forest type, 6 but if this was not possible then a regionally-representative forest could be selected. However, 7 there is often a gross dichotomy between mine closure criteria for terrestrial and aquatic 8 communities on rehabilitated mining leases. This difference of expectations for ecological goals 9 at mine closure extends even to the edge of the pit lake, where riparian vegetation is seldom 10 either representative of the region or self-sustaining (e.g., Figure 2 ). Some of this difference may 11 be because pit lake formation presents a situation where the previous terrestrial habitat now 12 forming the lakes has been absolutely lost by coverage of significant volumes of permanent and 13 often deep pit lake waters. Importantly, for the pit lake and its catchment to contribute value to the regional environment, in press). A caution must be made that, in order to contribute to regional biodiversity, species 23 that are found in the lake should not be those that are already common elsewhere so that there is environmental risk, will be unavoidable even with pro-active restoration strategies in place.
6
Other pit lakes may be deemed 'unmanageable 'or 'un-fixable' once formed as environmental 7 legacies and liabilities are substantial, however this is not always due to limited treatment or 8 remediation knowledge, but rather lack of financial or community will. Such lakes should then 9 be regarded as impaired ecosystems. An outcome for these lakes has been proposed as 'novel' 
12
Prior to mining, a landscape dominated by terrestrial ecosystems has ecological values which are 13 definable by measures such as biodiversity, presence of rare species, productivity and other dewatering ceases and the pit void forms a lake, will mean significant loss of terrestrial habitat.
21
Following rehabilitation of remaining terrestrial habitats, some terrestrial ecosystem of 22 ecological value will be regained. However, terrestrial habitat of the often extensive pit area will 23 have been submerged and converted to aquatic ecosystem habitat. Terrestrial habitat is lost and 24 cannot be rehabilitated and realised as terrestrial habitat ever again.
25
Through natural ecological succession processes, this evolving lake system may develop 26 increased ecosystem values over time as some primary production begins both within and on 27 lake banks and as fauna and flora colonise (Figure 3) . However, fundamental physico-chemical states, low nutrient concentrations and low rates of primary production. Water quality is a master 3 threshold factor for almost all pit lake ecological processes and especially for those species of 4 lower levels of biological organisation. For example, pit lake water quality frequently displays 5 chemically-driven alternative stable states as stable, albeit poor water quality (sensu Sim et al. 6 Sim et al. 2009 ). This may be through abiotic processes as the only determinant for that 7 particular lake e.g., ongoing and irreversible increases of salinity in lake district regions of low 8 net precipitation. Local stable states of poor water quality may also be due to biotic remediation 9 processes present but weaker than their opposite and concurrent abiotic processes, for example 10 catchment and internal formation of acidity occurring at greater rates than external and internal 
21
A pit lake ecosystem with high rates of primary production may be desirable in that it contributes 22 to the ecological value of a pit lake in many ways. Algal primary producers play an important 23 role in natural lakes, providing the dominant allochthonous energy sources that are the basis of 24 lake-ecosystem food webs (Bott 1996) . Primary producers can facilitate sulphate production by 25 providing a carbon source for sulfate reducing bacteria (SRB) which increase alkalinity and pH 
Conclusions and Recommendations

25
Aquatic habitats are increasingly diminished in their frequency and quality through both local Although it is likely that their broad environmental requirements for food and habitat will be 26 very similar to those in natural systems, pit lake biota and their ecological requirements remain 27 rarely studied and poorly understood. As such, there remains a pressing need for catchment-scale 28 rehabilitation attempts of pit lakes to move towards development of aquatic ecosystems as a best 29 practice. These restoration attempts are likely to initially fall-short of attaining satisfactory 30 ecosystem values due to a lack of knowledge of both general pit lake formation and ecological 1 processes, as well as intrinsic site-specific considerations. However, monitoring and ad hoc 2 investigation studies of combined physico-chemical and ecological characteristics of these early 3 attempts will provide fertile insight for future restoration attempts. 4 In conclusion, we hope that this paper serves to develop the field of mining closure planning by 5 both considering pit lake ecosystems as desirable and valid restoration goals. Considering mine 6 waters legacies in the context of their catchments, and vice versa, will also lead to realisation of 7 more holistic environmental benefit to post-mining landscapes. We trust that the transdiciplinary 8 perspective offered by this study will translate into improved community and regulatory 9 involvement in mine closure planning, as well as providing an example to the mining industry of 10 further opportunities with which to effectively achieve environmental sustainability targets when 11 presented with these new landscape challenges. 
